(19) 



J 



Eurepaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

08.05.2002 Bulletin 2002/19 

(21) Application number: 01125186.5 

(22) Date of filing: 24.10.2001 



( ii) EP 1 203 611 A1 

EUROPEAN PATENT APPLICATION 

(51) mt ci7: B01 D 53/94, F01N 3/20 



(84) 


Designated Contracting States: 


• Spurk, Paul, Dr. 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


64732 Bad Konig (DE) 




MC NL PT SE TR 


• Gieshoff, Jurgen, Dr. 




Designated Extension States: 


63599 Biebergemund (DE) 




AL LT LV MK RO SI 


• Demel, Yvonne 






60386 Frankfurt (DE) 


(30) 


Priority: 06.11.2000 DE 10054877 


• Lox, Egbert, Dr. 


63403 Hanau (DE) 


(71) 


Applicant: O WIG AG & Co. KG 


• Kreuzer, Thomas, Dr. 




63457 Hanau (DE) 


61184 Karben (DE) 


(72) 


Inventors: 




• 


Pfeifer, Marcus, Dr. 






42719 Solingen (DE) 





(54) Process and device for the selective catalytic reduction of nitrogen oxides in oxygen-rich 
exhaust gas 



(57) The invention provides an exhaust gas treat- 
ment unit for the selective catalytic reduction of nitrogen 
oxides under lean exhaust gas conditions which con- 
tains at least one catalyst with catalytically active com- 



ponents for selective catalytic reduction (SCR compo- 
nents). The exhaust gas treatment unit is characterised 
in that the catalyst also contains, in addition to SCR 
components, at least one storage component for nitro- 
gen oxides (NOx components). 
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Description 

[0001] The invention provides an exhaust gas treat- 
ment unit for the selective catalytic reduction of nitrogen 
oxides under lean exhaust gas conditions which con- 
tains at least one catalyst with catalytically active com- 
ponents for selective catalytic reduction (SCR compo- 
nents). 

[0002] Stationary combustion units in power stations 
and diesel engines and also lean operated gasoline en- 
gines emit an oxygen-rich exhaust gas which contains, 
as harmful substances, unburnt hydrocarbons (HC), 
carbon monoxide (CO) and nitrogen oxides (NOx). In 
order to remove nitrogen oxides from lean exhaust gas- 
es, use of the so-called selective catalytic reduction 
(SCR) process has been applied for a long time in the 
power station sector. Here, ammonia (NH 3 ) is supplied 
to the exhaust gas and this reacts selectively, on a suit- 
able catalyst, with nitrogen oxides to give nitrogen and 
water. Under stationary operation, conversion rates of 
more than 80 % can be achieved for nitrogen oxides in 
this way. 

[0003] As a result of the legally required reduction in 
nitrogen oxide emissions from motor vehicles (EURO IV 
and EURO V in Europe by 2005 and 2008 respectively, 
LEV II in USA by 2007), the application of SCR technol- 
ogy, in particular in the case of heavy duty vehicles, is 
becoming more and more urgent. Due to the high tox- 
icity and volatility of ammonia, non-toxic precursor com- 
pounds, which release ammonia under appropriate 
treatment, are used for mobile applications in motor ve- 
hicles. Urea in the form of an aqueous solution is prefr 
erably used. To hydrolyse urea, so-called hydrolysis cat- 
alysts which hydrolyse urea solution to give ammonia 
and carbon dioxide in a two-step reaction are used. The 
hydrolysis catalysts are located upstream of the SCR 
catalyst in the exhaust gas treatment unit. The urea so- 
lution is injected into the exhaust gas stream upstream 
of the hydrolysis catalyst with the aid of a special me- 
tering system. 

[0004] The disadvantage of this type of exhaust gas 
treatment is the fact that both hydrolysis of urea and also 
selective catalytic reduction with modem SCR catalysts 
is initiated only above 160 to 200 °C. Therefore, under 
operating conditions of the internal combustion engine 
with exhaust gas temperatures below this temperature 
range, nitrogen oxides produced by the engine pass 
through the exhaust gas treatment unit in unchanged 
form and are released into the environment. Modern 
urea metering systems take this fact into account and 
inject the urea solution into the exhaust gas stream only 
when the exhaust gas temperature is above 170 °C. 
[0005] The object of the present invention is to provide 
an exhaust gas treatment unit which is able to reduce 
the emission of nitrogen oxides from lean operated in- 
ternal combustion engines even under operating condi- 
tions with exhaust gas temperatures below the light-off 
temperature for the hydrolysis of urea and for selective 
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catalytic reduction. A further object of the invention is to 
provide a process for removing nitrogen oxides from the 
lean exhaust gas from an internal combustion engine by 
selective catalytic reduction using ammonia. 

5 [0006] This object is achieved by an exhaust gas 
treatment unit for the selective catalytic reduction of ni- 
trogen oxides under lean exhaust gas conditions which 
contains at least one catalyst with catalytically active 
components for selective catalytic reduction (SCR com- 

10 ponents). The exhaust gas treatment unit is character- 
ised in that the catalyst contains, in addition to SCR 
components, at least one storage component for nitro- 
gen oxides (NOx storage components). 
[0007] In the following, the light-off temperature for a 

15 catalyst is understood to be that temperature at which 
the intended catalytic reaction proceeds on the catalyst 
with a conversion rate of 50 %. Thus, a hydrolysis cat- 
alyst has a light-off temperature for the hydrolysis of 
urea and a SCR catalyst has a light-off temperature for 

20 the conversion of nitrogen oxides. 

[0008] According to the invention, it is intended that 
nitrogen oxides present in the exhaust gas at low ex- 
haust gas temperatures are temporarily stored on the 
SCR catalyst with the aid of NOx storage components 

25 and are then released again at higher temperatures. 
The release of nitrogen oxides is facilitated by local ex- 
cess amounts of ammonia in the exhaust gas, where 
the stored nitrogen oxides are reacted directly with the 
ammonia in an SCR reaction. This also means that if 

30 there is small overdosing of ammonia or urea solution 
this does not leave the SCR system, and thus the ex- 
haust gas unit, as an ammonia slippage, but it reacts 
with the adsorbed nitrogen oxides and is oxidised to ni- 
trogen. Accordingly, the function of the NOx storage 

35 components in the SCR catalyst can be compared with 
that of an oxygen storage material in a three-way con- 
verter catalyst. 

[0009] The SCR components in the catalyst may con- 
tain a solid acid system of titanium dioxide and vanadi- 

40 urn. In addition, the solid acid system may contain at 
least one component selected from the group consisting 
of tungsten oxide (WO a ), molybdenum oxide (Mo0 3 ), 
silicon dioxide, sulfate and zeolites, wherein the zeolites 
are present in the acid H form or may be exchanged with 

45 metal ions. Alternatively, the SCR components contain 
at least one zeolite, wherein the zeolites are in the acid 
H form or may be exchanged with metal ions. Due to 
their acidic properties these materials are able to store 
ammonia. This is advantageous under strongly varying 

50 loads of the engine. 

[0010] The NOx storage components preferably con- 
tain at least one compound of elements selected from 
the group consisting of alkali metals, alkaline earth met- 
als and cerium. These components are able to store ni- 

55 trogen dioxide by forming nitrates. Since 60 to 95 vol.% 
of the exhaust gas from an internal combustion engine 
consists of nitrogen monoxide, depending on the partic- 
ular operating status, it is recommended that nitrogen 
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monoxide be converted to nitrogen dioxide by contact 
with an oxidation catalyst in order to increase the effi- 
ciency of the storage process. This requirement can be 
satisfied, for example, when the NOx storage compo- 
nent itself is catalysed with at least one of the platinum 
group metals, platinum, palladium, rhodium and iridium. 
Alternatively, or in addition, the catalyst may contain cat- 
alytically active components based on support oxides 
from the group aluminium oxide, silicon dioxide, cerium 
oxide, zirconium oxide, titanium oxide or mixed oxides 
thereof catalysed with at least one of the platinum group 
metals platinum, palladium, rhodium and iridium. 
[0011] The catalyst may be present in the form of a 
honeycomb structure specified as a full extrudate, that 
is the components ol the catalyst are processed to give 
an extrudable composition and then extruded to pro- 
duce honeycomb structures. Such a catalyst consists 
entirely of the catalyst composition and is therefore also 
called a full catalyst. As a rule, honeycomb structures 
have a generally cylindrical shape which is bounded by 
two end faces and a surrounding face. Flow channels 
for the exhaust gas are arranged close together 
throughout the. cross-section of the honeycomb struc- 
tures and run from one end face to the other. The cell 
density is defined as the number of channels per cross- 
sectional area. Depending on the particular application, 
this may be between 5 and 300 cm" 2 . 
[0012] For certain applications, it may be advanta- 
geous to extrude only the SCR components to form a 
honeycomb structure and to apply the NOx storage 
components to the walls of the flow channels in the form 
of a coating. The techniques to be used for this are 
known to a person skilled in the art. 
[0013] Since full catalysts generally have only low 
strength, the catalyst, that is the SCR components and 
the NOx storage components, is preferably applied in 
the form of a coating to the walls of the flow channels of 
catalytically inert support structures in the form of a hon- 
eycomb. The inert support structures preferably consist 
of cordierite. In a further embodiment of the catalyst, the 
SCR components and the NOx storage components for 
nitrogen oxides are applied in two separate layers to the 
inert support structure, wherein the NOx storage com- 
ponents are preferably located in the lower layer which 
lies directly on the inert support structure and the SCR 
components are located in the upper layer which makes 
direct contact with the exhaust gas. 
[001 4] Alternatively, or in addition to providing the cat- 
alyst with catalytically active components for oxidising 
nitrogen monoxide to nitrogen dioxide, an oxidation cat- 
alyst may be located in the exhaust gas treatment unit, 
upstream of the catalyst for selective catalytic reduction, 
which also oxidises nitrogen monoxide to nitrogen diox- 
ide. In a special embodiment of this type it is preferred 
to use a combination comprising an oxidation catalyst 
upstream of a catalyst according to the invention of 
which the NOx storage components comprise no catar 
lytically active platinum group metals. In this embodi- 



ment, the oxidation of nitrogen monoxide to nitrogen di- 
oxide solely occurs at the upstream oxidation catalyst 
which may contain platinum on active aluminium oxide. 
Nitrogen dioxide formed at the oxidation catalyst will be 
5 absorbed by the NOx storage components of the cata- 
lyst according to the invention. 

[0015] If the ammonia required for selective catalytic 
reduction is intended to be obtained by the hydrolysis of 
urea, then a hydrolysis catalyst is located in the exhaust 
10 gas treatment unit, between the oxidation catalyst and 
the catalyst for selective catalytic reduction. The urea 
solution to be hydrolysed is supplied to the exhaust gas 
stream, using a suitable metering system, downstream 
of the oxidation catalyst and upstream of the hydrolysis 
15 catalyst. In the event of large overdosing of ammonia, 
unwanted emissions of ammonia may reach the envi- 
ronment. In order to avoid these emissions, a so-called 
ammonia barrier catalyst, which oxidises ammonia to ni- 
trogen and water, may be introduced into the exhaust 
20 gas treatment unit downstream of the SCR catalyst. 
[0016] Using the exhaust gas treatment unit de- 
scribed, a process for removing nitrogen oxides from the 
lean exhaust gas from an internal combustion engine by 
selective catalytic reduction using ammonia is perr 
25 formed as follows. The exhaust gas is passed over a 
catalyst which contains catalytically active components 
for selective catalytic reduction (SCR components) and 
storage components for nitrogen oxides (NOx storage 
components) with at least the occasional supply of am- 
30 monia. During operational phases of the engine with ex- 
haust gas temperatures which are below the light-off 
temperatu re of the components for selective catalytic re- 
duction the nitrogen oxides present in the exhaust gas 
are absorbed by the NOx storage components. In order 
35 to avoid ammonia emissions to the environment, the in- 
troduction of ammonia (ether directly or in the form of 
precursor compounds) is stopped during these opera- 
tional phases. On the other hand, in the event of exhaust 
gas temperatures above the light-off temperature for se- 
40 lective catalytic reduction, the supply of ammonia is re- 
sumed. As a result of the elevated exhaust gas temper- 
atures and the ammonia present in the exhaust gas, the 
nitrogen oxides stored by the NOx storage components 
are desorbed and, together with nitrogen oxides present 
45 in the exhaust gas, react with ammonia on the SCR 
components in the catalyst to give nitrogen and water. 
[0017] This function is different from conventional 
NOx storage catalysts wherein the released nitrogen ox- 
ides are reduced to nitrogen at the storage components 
50 themselves. According to the present invention the re- 
leased nitrogen oxides are converted to nitrogen at the 
SCR-components of the catalyst. 
[0018] The exhaust gas treatment unit and the proc- 
ess which can be performed therewith are particularly 
55 suitable for use with a diesel engine. The exhaust gas 
treatment unit and process, however, can also be used 
for the treatment of lean exhaust gases from a lean op- 
erated gasoline engine. This type of engines also com- 
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prise direct-injection gasoline engines, so-called GDI 
engines. During acceleration phases, such an engine 
also operates with a rich air/fuel mixture in order to be 
able to provide the power required to accelerate. These 
phases are suitable, according to DE 1 98 20 828 A1 , for 5 
forming ammonia from the components in rich exhaust 
gas on a suitable catalyst. 

[0019] DE 198 20 828 A1 describes an exhaust gas 
purifying system for a GDI engine. The exhaust gas pu- 
rifying system comprises a first catalyst which produces 10 
ammonia from respective exhaust gas constituents at 
rich exhaust gas compositions. A suitable catalyst for 
this task is a conventional three-way catalyst. But any 
other catalyst optimised for forming ammonia under rich 
exhaust gas conditions may be employed. A second cat- ^ 
alyst downstream of the first catalyst stores the pro- 
duced ammonia and selectively reduces nitrogen ox- 
ides under lean exhaust gas conditions with the help of 
the stored ammonia. For such an exhaust gas purifying 
system it is important to provide always a sufficient 20 
amount of ammonia for complete reduction of the nitro- 
gen oxides. In order to ensure this, a high ammonia stor- 
age capacity is required, for the SCR catalyst used. 
[0020] Similarly, the exhaust gas treatment unit ac- 
cording to the invention may also be equipped with a 25 
catalyst which forms ammonia from the exhaust gas 
constituents under operating points of the engine with 
rich exhaust gas. The advantage in this case is that in 
addition to the storage capacity for ammonia the catalyst 
possesses also a storage capacity for nitrogen oxides. 30 
This improves conversion of nitrogen oxides averaged 
over all operating points of the engine. Additionally the 
amount of urea solution metered into the exhaust gas 
can be reduced, or even omitted altogether. 
[0021 ] Figures 1 to 3 show the most preferred embod- 35 
iments of the exhaust gas treatment unit of this inven- 
tion. Reference numeral (1) designates the exhaust gas 
treatment unit comprising the exhaust pipe (2) and a 
converter housing (3). Built into the converter housing 
is the catalyst (4) containing the SCR components and 40 
at least one storage component for nitrogen oxides. The 
exhaust gas entering and leaving the treatment unit is 
visualised by two solid arrows. Urea is injected in front 
of the converter housing (3) as a precursor compound 
for ammonia which is generated from urea by hydrolysis 45 
at the catalyst (4). 

[0022] Figure 2 shows a more preferred embodiment 
of the invention. The exhaust gas treatment unit is sup- 
plemented by a second converter housing (5) located 
upstream of the first converter housing (3) and upstream 50 
of the point of injection of urea into the exhaust gas 
stream. This embodiment allows to improve the oxida- 
tion of nitrogen monoxide to nitrogen dioxide by using a 
highly active oxidation catalyst comprising platinum on 
active alumina. Such a highly active oxidation catalyst 55 
could not be incorporated into catalyst (4) since it would 
also oxidise ammonia. This oxidation catalyst can be po- 
sitioned close to the outlet of the engine while converter 



housing (3) with the catalyst according to the invention 
may be located in an underfloor position. 
[0023] In the embodiment of Figure 3 converter hous- 
ing (3) further comprises a hydrolysation catalyst (7) in 
front of catalyst (4) and an ammonia barrier catalyst (8) 
downstream of catalyst (4). The dedicated hydrolysation 
catalyst (7) improves hydrolysation of urea to ammonia 
and thus improves overall exhaust gas cleaning efficien- 
cy of the exhaust gas treatment unit. Such a hydrolysa- 
tion catalyst is well known in the art. It may comprise 
titanium dioxide, aluminium oxide, silicon dioxide, zirco- 
nium oxide or mixed oxides therefrom. This composition 
may be stabilised and enhanced in activity by the ad- 
mixture of S0 3 , W0 3 , Nb 2 0 5 und M0O3. Suitable com- 
positions are described for example in DE 42 03 807 A1 . 
The ammonia barrier catalyst (8) prevents the occasion- 
al escape of ammonia into the atmosphere by oxidation 
to nitrogen and water. For that purpose an oxidation cat- 
alyst comprising platinum on active alumina can be 
used. 



Claims 

1 . An exhaust gas treatment unit for the selective cat- 
alytic reduction of nitrogen oxides under lean ex- 
haust gas conditions which contains at least one 
catalyst with catalytically active components for se- 
lective catalytic reduction (SCR components), 
characterised in that 

the catalyst contains, in addition to the SCR com- 
ponents, at least one storage component for nitro- 
gen oxides (NOx components). 

2. An exhaust gas treatment unit according to Claim 1 , 
characterised in that 

the SCR components contain a solid acid system 
of titanium dioxide and vanadium. 

3. An exhaust gas treatment unit according to Claim 2, 
characterised in that 

the solid acid system also contains at least one 
component selected from the group consisting of 
tungsten oxide, molybdenum oxide, silicon dioxide, 
sulfate and zeolites, wherein the zeolites may be 
present in the acid H form or may be exchanged 
'with metal ions. 

4. An exhaust gas treatment unit according to Claim 1 , 
characterised in that 

the SCR components contain at least one zeolite, 
wherein the zeolites may be present in the acid H 
form or may be exchanged with metal ions. 

5. An exhaust gas treatment unit according to one of 
Claims 1 to 4, 

characterised in that 

the NOx storage components contain at least one 
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compound of elements selected from the group 
consisting of alkali metals ! alkaline earth metals and 
cerium, 

6. An exhaust gas treatment unit according to Claim 5, 5 
characterised in that 

the NOx storage components are catalysed with at 
least one of the platinum group metals platinum, 
palladium, rhodium and iridium. 

10 

7. An exhaust gas treatment unit according to Claim 5, 
characterised in that 

the catalyst also contains catalytically active com- 
ponents based on support oxides selected from the 
group consisting of aluminium oxide, silicon diox- 1$ 
ide, cerium oxide, zirconium oxide, titanium oxide 
or mixed oxides thereof catalysed with at least one 
of the platinum group metals platinum, palladium, 
rhodium and iridium. 

20 

8. An exhaust gas treatment unit according to Claim 1 , 
characterised in that 

the catalyst is present in the form of a honeycomb 
structure specified as a full extrudate. 

25 

9. An exhaust gas treatment unit according to Claim 1 , 
characterised in that 

the SCR components are present in the form of a 
honeycomb structure specified as a full extrudate, 
onto which are applied the NOx storage compo- so 
nents in the form of a coating. 

10. An exhaust gas treatment unit according to Claim 1, 
characterised in that 

the SCR components and the NOx storage compo- 35 
nents for nitrogen oxides are present in the form of 
a coating on an inert carrier structure in the form of 
a honeycomb monolith. 

11. An exhaust gas treatment unit according to Claim *o 
10, 

characterised in that 

the SCR components and the NOx storage compo- 
nents for nitrogen oxides are present in two sepa- 
rate layers on the inert carrier structure. 45 

12. An exhaust gas treatment unft according to Claim 
11, 

characterised in that 

the layer with the NOx storage components is ap- 50 
plied directly to the support structure and the layer 
with the SCR components is on top of the layer with 
the NOx storage components and is in direct con- 
tact with the exhaust gas. 

55 

13. An exhaust gas treatment unit according to Claim 1, 
characterised in that 

an oxidation catalyst is located in the exhaust gas 



treatment unit, upstream of the catalyst for selective 
catalytic reduction. 

14. An exhaust gas treatment unit according to Claim 
13, 

characterised in that 

a hydrolysis catalyst is located in the exhaust gas 
treatment unit, between the oxidation catalyst and 
the catalyst for selective catalytic reduction. 

15. An exhaust gas treatment unit according to Claim 
14, 

characterised in that 

an ammonia barrier catalyst is located in the ex- 
haust gas treatment unit, downstream of the cata- 
lyst for selective catalytic reduction. 

16. A process for removing nitrogen oxides from lean 
exhaust gas from an internal combustion engine by 
selective catalytic reduction using ammonia, 
characterised in that 

the exhaust gas is passed over a catalyst which 
contains catalytically active components for selec- 
tive catalytic reduction (SCR components) and stor- 
age components for nitrogen oxides (NOx compo- 
nents), with at least the occasional supply of ammo- 
nia, wherein the NOx storage components absorb 
the nitrogen oxides from the exhaust gas during op- 
erational phases of the engine with exhaust gas 
temperatures belowthe light-off temperature for the 
components for selective catalytic reduction- and 
the nitrogen oxides are desorbed at exhaust gas 
temperatures above the light-off temperature for se- 
lective catalytic reduction by supplying ammonia 
and react with ammonia, together with the nitrogen 
oxides present in the exhaust gas, on the SCR com- 
ponents to give nitrogen and water. 

17. A process according to Claim 16, 
characterised in that 

the NOx storage components are catalysed with at 
least one of the platinum group metals platinum, 
palladium, rhodium and iridium. 

18. A process according to Claim 16 or 17, 
characterised in that 

an oxidation catalyst is located in the exhaust gas 
treatment unit upstream of the catalyst for selective 
catalytic reduction and the ammonia is supplied to 
the exhaust gas between the oxidation catalyst and 
the catalyst for selective catalytic reduction. 

19. A process according to Claim 18, 
characterised in that 

an ammonia barrier catalyst is located in the ex- 
haust gas treatment unit downstream of the catalyst 
for selective catalytic reduction. 
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20. A process according to Claim 18, 
characterised in that 

a hydrolysis catalyst is located in the exhaust gas 
treatment unit between the oxidation catalyst and 
the catalyst for selective catalytic reduction and a 5 
precursor compound to be converted into ammonia 
by hydrolysis is supplied to the hydrolysis catalyst 
in order to form ammonia. 

21. A process according to Claim 19, io 
characterised in that 

an ammonia barrier catalyst is located in the ex- 
haust gas treatment unit downstream of the catalyst 
for selective catalytic reduction. 

15 

22. A process according to Claim 16, 
characterised in that 

the internal combustion engine is a diesel engine. 

23. A process according to Claim 16 : 20 
characterised in that 

the internal combustion engine is a lean operated 
gasoline engine which is operated with rich air/fuel 
mixtures during acceleration phases. 

25 

24. A process according to Claim 23, 
characterised in that 

the ammonia required for selective catalytic reduc- 
tion is produced on a suitable catalyst from the ap- 
propriate constituents in the rich exhaust gas during 30 
the acceleration phases of the engine. 
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